Background: Large international variations in rates of prostate cancer incidence and mortality suggest that environmental factors have a strong influence on the development of this disease. The purpose of this study was to identify predictive variables for prostate cancer mortality in data from 59 countries. Methods: Data on prostate cancer mortality, food consumption, tobacco use, socioeconomic factors, reproductive factors, and health indicators were obtained from United Nations sources. Linear regression models were fit to these data. The influence of each variable fit in the regression models was assessed by multiplying the regression coefficient b by the 75th (X 75 ) and 25th (X 25 ) percentile values of the variable. The difference, bX 75 − bX 25 , is the estimated effect of the variable across its interquartile range on mortality rates measured as deaths per 100 000 males aged 45-74 years. Reported P values are two-sided. Results: Prostate cancer mortality was inversely associated with estimated consumption of cereals (bX 75 − bX 25 = −7.31 deaths; P = .001), nuts and oilseeds (bX 75 − bX 25 = −1.72 deaths; P = .003), and fish (bX 75 − bX 25 = −1.47 deaths; P = .001). In the 42 countries for which we had appropriate data, soy products were found to be significantly protective (P = .0001), with an effect size per kilocalorie at least four times as large as that of any other dietary factor. Besides variables related to diet, we observed an association between prostate cancer mortality rates and a composite of other health-related, sanitation, and economic variables (P = .003). Conclusions: The specific food-related results from this study are consistent with previous information and support the current dietary guidelines and hypothesis that grains, cereals, and nuts are protective against prostate cancer. The findings also provide a rationale for future study of soy products in prostate cancer prevention trials. [J Natl Cancer Inst 1998;90:1637-47]
Prostate cancer is the most prevalent cancer among men and represents a large and growing health problem in the United States and other Western countries. Incidence and mortality rates vary widely across populations, with the highest rates in North America and northern Europe, intermediate rates in southern Europe and Latin America, and the lowest rates in Asia and Africa (1, 2) . Incidence increases markedly with age. Ecologic studies investigating the health experiences of migrants over time (3) (4) (5) (6) and cross-national comparisons (7) (8) (9) (10) suggest that environmental, rather than genetic, factors are responsible for large international variations in rates. Against the background of international variation, increases in prostate cancer mortality and incidence rates have been reported in the last three decades in the United States, Asia, South America, and central Europe. Prostate cancer incidence in the United States is currently increasing at a rate nearly three times as high as that of female breast cancer (11) . The incidence of prostate cancer is extremely low in populations of western Africa, but in African-Americans, who originate from the same regions of Africa, the incidence is nearly 50% higher than that of U.S. whites (12) , indicating a potentially strong environmental influence on the disease.
Similar to epidemiologic studies of diet and breast cancer, studies of diet and prostate cancer have produced equivocal results (13) . Ecologic studies and laboratory animal experiments tend to produce results strongly consistent with dietary hypotheses that propose a role for fat and animal product intake, whereas data from analytic epidemiologic studies are less consistent (8, 9, (14) (15) (16) (17) (18) (19) . Possible explanations include the fact that data on diet in humans are derived from self-reports that are subject to measurement error and a variety of biases (20) and that the range of dietary fat intake (e.g., grams per person per day or as a percent of dietary energy) within particular study populations tends to be very narrow (21) , hampering efforts to detect dietary effects. Also, the effect of particular dietary constituents may be modified by other factors, such as the antagonism of the effect of fat by fiber (e.g., through its influence on enterohepatic circulation) (22) .
This study was conducted to identify major predictors of prostate cancer mortality by use of data from a total of 59 countries on which we had complete data on most covariates of interest. In addition to a wide range of nutritional predictors (including alcohol), we examined the significance of estimated per capita tobacco consumption, a variety of indicators of socioeconomic status (SES), and reproductive factors.
MATERIALS AND METHODS

Data Sources
Data on a maximum of 59 countries were available from a number of United Nations sources (see Appendix Tables 1 and 2 ). Data were time-lagged so that the mortality information was from a period approximately 10 years later than data on other factors potentially affecting risk. Data on prostate cancer mortality (i.e., prostate cancer deaths per 100 000 male population for ages 45-74 years) were obtained from a data tape supplied by the World Health Organization (WHO) (23) . Data were averaged for the 5 years from 1985 through 1989 and then age-truncated to focus on that portion of the distribution (ages 45-74 years) where cancer mortality rates and quality of reporting tend to be highest (9) . The rates were then age-standardized to the 1987 world male population average. Mortality data provided by the WHO excluded countries with more than 15% of mortality due to senility or ill-defined causes.
National nutrition data were obtained from the Food Balance Sheets-1979 Through 1981 , Average, compiled and published by the Food and Agriculture Organization (FAO) of the United Nations (24) . These data often are referred to as disappearance data. They represent a kind of inventory information that is based on the sum of imports and production minus exports, with adjustments made for non-food uses, losses during storage and transport, food fed to livestock, and food used for seeds and in manufacture for food and non-food uses. Data are prorated on a per capita basis as a surrogate for consumption. Values for energy intake plus protein and fat intake in grams are available from this source for overall vegetable and animal product consumption as well as for consumption of the major food groups (i.e., cereals, roots and tubers, sugars, pulses, nuts and oilseeds, fruits, vegetables, meat, eggs, fish and seafood, milk, oils and fats, vegetable oils and fats, animal oils and fats, spices, stimulants, and alcoholic beverages) and a list of about 300 commodities. Some of these items (e.g., soy products) were not available for every country in the dataset. Data on tobacco consumption are similar, with the exception that no allowance is made for food manufacture or livestock feed.
SES data were obtained from a number of sources. Information regarding basic sanitation (e.g., proportion of the population with safe water and with excreta disposal facilities) from the late 1970s was obtained from the WHO (25) . The following basic economic and health indicators were obtained from World Bank compilations (26, 27) : gross national product (GNP) per capita (1980), infant mortality rate (1980), crude birth rate (1970), total fertility rate (1970), annual percent of growth (natural increase) in population (average, 1970 through 1980) , and life expectancy (at birth, 1980). Statistics on the number of physicians per unit population (physicians per 10 000 population) and hospital bed availability (beds per 10 000 population) were obtained from the WHO (28). Data from 59 countries were sufficiently complete to allow most multivariable analyses of these data.
Statistical Analyses
Preliminary analyses to examine the distributions and to identify outlier values were performed on all variables to assess the adequacy of the assumptions of linear regression (i.e., normality, linearity, and independence) (29) . These statistics were computed for all 59 countries for which we had complete data in order to fit the final multivariable model. All P values are two-sided.
Principal-components analysis (PCA) was performed to reduce the number of predictor variables with minimal loss of information. A complete description of this technique is beyond the scope of this article; however, excellent descriptions may be found elsewhere (30, 31) . The seven variables related to socioeconomic conditions included in computing the socioeconomic status principal components (SESPCs) were as follows: GNP, life expectancy at birth, infant mortality rate, proportion of the population without safe water or excreta disposal facilities, and the number of physicians or hospital beds per 10 000 population. To compute SESPCs, we used the PROC FACTOR procedure with the Varimax rotation option in SAS (SAS statistical software, version 6.11; SAS Institute, Cary, NC) (32) . This approach allowed us to reduce a larger set of potentially correlated variables to a smaller set of variables (principal components). The principal components are optimally weighted combinations of the initial seven variables that maintain, as much as possible, the explanatory ability of the original variables. The Varimax rotation option creates principal components that are not correlated with each other. We selected the three SESPCs that account for the majority of the variability in the data and excluded the other factors that did not appreciably increase the explanatory ability.
Similarly, PCA was used to examine the interrelationships between the large number of nutritional variables in the dataset. Variables were selected to minimize the impact of multicollinearity (i.e., intercorrelation among predictor variables) when fit in the multivariable models, without excluding potentially important predictors of prostate cancer mortality. For example, the intercorrelations between per capita animal energy (kcal/day-total energy derived from foods from all animal sources), animal fat energy (kcal/day), animal protein (g/day), milk energy (kcal/day), meat energy (kcal/day), total fat (g/day), and total energy (kcal/day) were very high, ranging from 0.72 to 0.99. Fitting such highly correlated variables simultaneously in a model would pose problems in terms of model specification and interpretation. We used PCA [PROC FACTOR in SAS (32) with the no-rotation option, which maintains the factor-loading weights unchanged] to identify nearly collinear sets of variables. We then selected a single variable from among each set of highly correlated variables by choosing the variable with the highest component weighting. In this way, we selected a set of largely uncorrelated nutrient variables to examine in a multivariable setting while we retained the inherent representation of the underlying PCA (i.e., the animal-related variables discussed above were represented by animal energy).
Linear regression models were fit, regressing prostate cancer mortality on each predictor variable. All regression models were weighted by the malespecific population across countries for the age range 45-74 years. Model specification used stepwise regression techniques as a preliminary approach, as well as adding and removing candidate variables individually to produce the most parsimonious model while retaining a high level of explanatory ability. For this approach, we used a general linear model [the procedure PROC GLM in SAS (32) ]. Diagnostic analytic procedures were used to examine the distribution of residuals and to identify influential cases and problems associated with multicollinearity (33) . Also, we log-transformed both prostate cancer mortality data and nutrient data and reanalyzed our data. The results were not materially different from those obtained using untransformed data. We chose to present the untransformed results because the assumptions of the analysis were met (i.e., normality) and because use of untransformed data improves interpretability of results.
To evaluate the actual effect of each variable fit in the final regression models, we multiplied the regression coefficient b by the 75th percentile value of the variable (X 75 ) and the 25th percentile value of the variable (X 25 ). The difference between bX 75 and bX 25 is the effect of the variable across its interquartile range (IQR). This manner of presenting the results combines the estimated magnitude of effect (b) and the range of the variable in the actual dataset in which the regression models were run. It provides a way to ''standardize'' the effect in terms of prostate cancer deaths. Also, we have presented the percentage change in the mean world rate of prostate cancer, which was calculated as [(bX 75 − bX 25 )/world mean prostate cancer rate] × 100; this quantity gives a sense of the relative effect on prostate cancer based on a change across the IQR of the exposure variable.
Regression model results for the 59-country models excluding tobacco consumption were similar on significant predictors to the 50-country models that included tobacco in the covariate list. Estimated tobacco consumption (from disappearance) was consistently unrelated to prostate cancer mortality. By excluding the tobacco consumption variable from the final model, we were able to include data from 59 countries in the multivariable analyses.
Nuts and oilseeds subsume soybeans in the Food Balance Sheet dataset. We attempted to separate soybean consumption from this larger food group and were able to identify a subset of 42 countries on which we could obtain reliable data on soy disappearance (to estimate consumption). All analyses were repeated in this smaller dataset by use of the model-building approach described above.
In addition, to assess the effect of total energy on prostate cancer mortality, we fit a model using energy-adjusted nutrients. Nutrient variables were regressed upon total calories, and the residuals were calculated as the difference between the actual value for the nutrient and the predicted value. The residual is that portion of the nutrient intake that is unexplained by the variation in total energy intake (34) . The model specification process was the same as that described above.
RESULTS
In Table 1 , summary statistics are presented for the dependent variables (sex-specific, age-truncated, and standardized prostate cancer mortality rates) and the independent variables (e.g., dietary and SES variables) used in the analyses. There was a slight rightward (a tendency for a few very high values) skewing for variables associated with poverty and a slight leftward skewing for variables associated with affluence. These statistics demonstrate a wide range of variability, as would be expected for such a diverse set of countries. Exploratory analyses indicated that data met the assumption of normality, even for the full set of 59 countries. Table 2 displays the weighting of individual variables in the SES PCA. SESPC1 is a poverty-related factor, loading heavily with infant mortality and lack of sanitation or lack of safe drinking water. SESPC2 is related to access to medical services, with large positive loadings on physicians and medical beds per unit population as well as life expectancy. SESPC3 is an affluencerelated factor, with a large loading on per capita GNP.
The simple linear regression coefficient (b) and the 95% confidence interval along with the Pearson correlation coefficient (r) are presented in Table 3 for all candidate independent variables in the dataset. For the nutrition variables, positive associations were evident between prostate cancer mortality rates and variables associated with affluence, especially food-related variables including total fat, animal products including milk and dairy products, and energy from alcohol and sugar. Negative associations were observed with energy from cereals, vegetables, cabbage, soybeans, and fish. Among the SESPCs, there was a negative association with the poverty-related factor and a positive association with the affluence-related factor.
The results of the regression model analysis are shown in Table 4 . Overall, we observed protective effects from higher levels of intake of cereals, nuts and oilseeds (which include soy consumption), and fish. There was also a significant protective association for decreasing levels of the poverty-related factor (SESPC1). Animal energy was positively associated with prostate cancer mortality. Effect sizes, estimated by fitting the parameter estimate across the interquartile values of the variable (i.e., bX 75 − bX 25 ), are shown in Tables 4 and 5 . For cereal energy, the difference in the estimated effect at the 75th and 25th percentile values was -7.31 prostate cancer deaths per 100 000 males aged 45-74 years, 31.4% of the world mean average prostate cancer mortality for males in this age group. Across the full range of data represented by these 59 countries, the difference between the lowest X 0 and the highest X 100 consumption of cereal energy when fitted to the regression coefficient equaled 19.1 deaths. In contrast, the increase in mortality associated with an increase in animal energy across the IQR was 5.53 or 23.8% of the mean of prostate cancer mortality. The model focusing on soybean disappearance data for the subset of 42 countries where that data were available produced the results shown in Table 5 . The same core group of variables observed to be associated with prostate cancer mortality in the previous analysis was similarly associated in this model, with the exception of fish energy. Here, however, energy from alcohol was significantly associated with increased mortality, while energy from soy was significantly associated with reduced mortality. *Principal-components analysis using PROC FACTOR in SAS with Varimax rotation. The principal components are optimally weighted combinations of the seven variables that maintain, as much as possible, the explanatory ability of the original variables. Data used are from the 59 countries on which we had complete data. The numbers in the last three columns indicate optimum factorloading weights for each combination.
†SESPC1 ‫ס‬ socioeconomic status principal component 1, computed as noted above and in the text. Poverty-related factor.
‡SESPC2 ‫ס‬ socioeconomic status principal component 2, computed as noted above and in the text. Access to medical care factor.
§SESPC3 ‫ס‬ socioeconomic status principal component 3, computed as noted above in the text. Affluence-related factor.
GNP ‫ס‬ gross national product (U.S. dollars per person in 1980). A separate model was developed (data not shown) using energy-adjusted residuals for the nutrient variables and fitting total energy intake. This approach allows the examination of total energy intake as a predictor of mortality without being constrained by the problems associated with fitting total energy intake in a model with other energy-contributing nutrients. Once again, energy from cereals, fish, nuts and oilseeds, and the poverty-related factor (SESPC1) all demonstrated a protective effect, and the magnitude of these effects was not materially different from that reported in Table 4 . However, in this model, total energy intake was independently and significantly associated with an increase in prostate cancer mortality (b ‫ס‬ 0.005; bX 75 − bX 25 ‫ס‬ 3.41) with a change across the IQR of 15%-calculated as [(bX 75 − bX 25 )/world mean prostate cancer rate] × 100-of the mean world prostate cancer mortality rate. Animal energy, even when substituted for total energy intake, exhibited no association in this model.
DISCUSSION
In this hypothesis-generating study, our results showed that prostate cancer mortality is positively associated with dietary factors associated with affluence, including estimated intakes of energy, total fat, and animal products (specifically, milk, meat, and poultry). On the other hand, intakes of cereals, soybeans, other nuts and oilseeds, and fish were negatively associated with prostate cancer mortality and constituted the strongest effects in the data. Our results are consistent with the findings of previous researchers (14 -16,35,36) , who have shown that prostate cancer mortality is increased by intakes of animal fat but not of vegetable fat.
Because the etiology of prostate cancer remains unknown, the mechanism by which fat (or other dietary constituents that correlate with fat) from animal foods may be associated with prostate cancer is still unclear. For prostate cancer and cancers of other sites that are sensitive to serum hormone levels, animal fat may influence the risk for cancer by raising adults' sex hormone levels. This mechanism was postulated more than 20 years ago by Hutchison (37) . Consistent with this hypothesis is the fact that, in the United States, African-American men have a rate of prostate cancer 40% higher than that in whites, whereas their testosterone levels are about 15% higher (38) . Providing further evidence for the role of diet in control of hormone levels, Dorgan et al. (22) demonstrated, in a controlled feeding trial involving 43 healthy men, that urinary testosterone levels were lower after a low-fat, high-fiber diet than after a high-fat, low-fiber diet.
Because cancers of the prostate and the breast are at least partially hormone mediated, they share several characteristics, and the mortality rates for prostate and breast cancers are fairly highly correlated (35) . One disparity in the epidemiology of the two cancer sites is that breast cancer mortality is more strongly correlated with dietary fat than is prostate cancer mortality (35) . In a previous study using international data (39), we showed that energy intake from animal foods was a strong predictor of breast cancer mortality. However, the results of the present study showed a considerably smaller effect due to energy from animal sources.
One way in which energy-dense, high-fat foods can exert a biologic effect is through their effect on total energy intake. In the energy-adjusted model (fitting nutrients as the residual value after removing that part of the variability explained by total energy intake), we found an association for total energy intake. However, when fitting nutrients as residuals in the model, the effect of energy from animal foods that was evident in the unadjusted model disappeared. This result suggests that the effects of energy from animal foods and total energy intake may be confounded. When the energy-adjusted animal food residual was substituted for total energy intake in this model, we found that energy from animal foods remained unrelated to prostate cancer, indicating that the original association may be due to the association of animal energy with total energy intake. These results must be interpreted with caution because energy adjustment on group level variables may not function the same as energy adjustment on the individual level. Control for confounding on the group level may not be complete and may introduce additional bias (40) . The evidence from case-control and cohort studies on the impact of total energy intake is conflicting; it is not clear if energy intake per se or if the intake of energy-dense foods, such as animal products, is associated with prostate cancer.
Unlike meat and poultry, fish appears to be protective against prostate cancer; this effect is perhaps due to -3 fatty acids, which appear to inhibit the growth of tumors in the prostate as well as in other sites (41, 42) . Our results showed a moderate, inverse association between prostate cancer mortality and energy from fish. In contrast, a study among Seventh-day Adventist men (18) 25 estimates the effect size of the variable listed by multiplying the regression coefficient b by the 25th percentile value of the variable and subtracting that value from the product of the regression coefficient b and the 75th percentile value of the variable. This is the effect of the variable across its interquartile range (in prostate cancer deaths per 100 000 males aged 45-74 years) in the 42 countries available for this analysis.
§Two-sided P values were obtained from the F test of H 0 :␤ ‫ס‬ 0.
In this analysis, soy energy is disaggregated from the heading of nut and oilseed energy.
¶SESPC1 ‫ס‬ socioeconomic status principal component 1, computed as described in the text. Poverty-related factor.
who
intakes of other foods (e.g., beef, poultry, and milk) do not agree with the majority of the prostate cancer literature. Also, fish was not categorized as being from fresh or salt water or by temperature of the water. All of these factors are known to influence the -3 fatty acid content of fish. The results of that study may be unique because their sample comprised a homogeneous group of predominantly white middle-class vegetarian men.
In our initial model, which did not separate soybeans from other nuts and oilseeds, energy from fish was associated with prostate cancer mortality. However, when soybeans were entered separately from nuts and oilseeds, the effect of fish was not significant. Our results showed a strong correlation between energy from fish and soy products (r ‫ס‬ .85) because countries in our dataset that had a high soy intake also had a high fish intake. Future studies assessing the role of diet in prostate cancer should ensure that a protective effect from fish is not actually due to the consumption of other foods, such as soy products.
Apart from some countries where reported death rates are not reliable, the lowest death rates from prostate cancer are in the Far East (i.e., Japan and Hong Kong) (2). Although many hypotheses have been offered for the lower rates of prostate cancer mortality among Asians, the one that possibly has received the greatest amount of attention and for which the data are most consistent concerns the dietary differences between populations of Western and Eastern nations. In particular, Asians have a greater per capita consumption of soy products, consumed primarily as tofu, soymilk, tempeh, and miso. Our results showed that energy from soybeans was inversely associated with prostate cancer mortality. On a per unit energy (kilocalories) basis, the soy effect was the largest in the dataset, although its effect across the IQR of the 42 countries was relatively small, owing to the low per capita disappearance of soy products. Although the soybeans in our dataset were used for human consumption, we do not have data indicating what types of soy products were consumed (e.g., fermented products like tempeh). However, our results are similar to those of Severson et al. (17) , who showed that an increased consumption of tofu was associated with a decreased risk for prostate cancer, and to those of another study (43) showing that soy products are protective against cancer at other sites.
It has been proposed that certain compounds in soy, isoflavonoids and lignans, have a metabolism similar to that of biologic steroids but have a profoundly different effect on hormone-sensitive target cells (44, 45) . A protective effect of these compounds may be the result of a competitive binding to hormone receptors, with the weaker phytoestrogen activity displacing the harmful stimulatory effect of endogenous hormones. Isoflavones and lignans also exhibit antioxidative activity and appear to increase serum levels of sex hormonebinding globulin (SHBG) production in the liver, which in turn results in a lowering of free testosterone, thus reducing hormonal activity (45) . Higher levels of SHBG and decreased concentrations of free testosterone have been reported both in Asian men and in men who are vegetarian (46, 47) . Vegetarian and Asian diets typically contain other foods, such as lentils, that have phytoestrogenic activity and other beneficial properties (48, 49) . However, these foods are not itemized in the Food Balance Sheets (24) because they are of minor economic importance. Besides isoflavonoids and lignans that affect hormone metabolism, soybeans (and other legumes) contain compounds that could protect through other mechanisms. These other compounds include protease inhibitors, phytic acid, and plant sterols (50) .
We could not examine all categories of vegetables and fruits in these data, even though we know that some of them contain isoflavonoids and other potentially protective factors (51) . However, our univariate results did show a moderate, inverse association between prostate cancer mortality and cabbage consumption (Brassica sp.). The Brassica genus comprises other nutrient-dense vegetables such as kale, cauliflower, Brussels sprouts, kohlrabi, and broccoli. Although not rich in phytoestrogens, the Brassica vegetables do have a relatively high content of glucosinolates, which are hydrolyzed to produce indoles and isothiocyanates (52, 53) . Sulforaphane, a potent isothiocyanate that has been extracted from broccoli, blocks chemical carcinogenesis, indicating that these vegetables could have anticarcinogenic activity (54) . Perhaps because they are not a plentiful source of phytoestrogens, the Brassica vegetables have not before been found to consistently protect against cancers of the prostate, ovary, and endometrium, which are hormonedependent sites; however, their chemopreventive role against cancers of the lung and the digestive system is fairly well established (52) .
Similar to consumption of vegetables, consumption of cereals typically has been associated with a reduced risk for cancers of the digestive system (55) . Evidence is also growing that consumption of cereals is inversely related to prostate cancer mortality. Our results showed a strong negative association between cereal energy and prostate cancer (b ‫ס‬ -0.013 and b ‫ס‬ −0.009 for the overall and soy-specific models, respectively). Our findings support those of Rose et al. (35) , who showed that cereal intake was more strongly related to prostate cancer mortality than was intake of meat or milk. The protection afforded by cereals is likely related to the consumption of traditional breads, which frequently contain whole flaxseeds, rye, and buckwheat flour (47) . These foods are rich in lignans that are weaker than isoflavonoids but may have an independent effect against cancer at hormone-sensitive sites (47, 51) . Plant lignans are located next to the aleurone layer of the grain and are often removed in the milling processes particular to Western societies. Lignan end products are excreted when subjects have ingested the whole grain. Lignans appear to act as protease inhibitors by a mechanism similar to that of the pharmaceutical Finasteride used to treat prostate cancer (47) . The combined action of both isoflavonoids and lignans, from their dietary sources of soy, legumes, cereals, and vegetables, may be protective against prostate cancer.
Our results showed that consumption of milk was strongly and positively associated with prostate cancer mortality, a finding consistent with the results of other studies that have found that high intakes of milk and other dairy products are associated with increased risk of prostate cancer (35, 36) . La Vecchia et al. (16) showed that two or more servings of milk per day significantly increased risk (RR ‫ס‬ 5.1; 95% CI ‫ס‬ 1.5-16.6), although intakes of high-fat dairy foods like cheese and butter did not. A case-control investigation from the Roswell Park Memorial Institute (56) found a strong association of prostate cancer incidence with consumption of whole milk but not of skim milk, supporting the general hypothesis that prostate cancer is related to intake of animal fats. Although data regarding skim milk were available from the FAO dataset, we did not include this information in analyses because quantities were not specified for most countries. Also, unlike soybeans, for which the putative biologically active constituents are not represented in the summary statistics in the dataset, displacement of high-fat dairy products by skim milk products is reflected in summary measures including total fat, animal fat, and milk energy.
The results of the PCA of the socioeconomic variables can be interpreted in the context of developed versus undeveloped nations. Each of the three principal components had a moderate correlation with prostate cancer mortality. Unlike the other principal components, SESPC1, which was associated with poverty factors, was negatively correlated with prostate cancer mortality. SESPC1 also was negatively associated with prostate cancer mortality in the regression models (b ‫ס‬ −3.253 and b ‫ס‬ −1.961 for the overall and soy-specific models, respectively). Hence, poverty is associated with lower prostate cancer mortality. This effect might be achieved because of a lower life expectancy or greater number of deaths due to other causes among populations of undeveloped nations. However, because all of our data were age adjusted and excluded countries with obvious problems in reporting vital statistics, it is unlikely that this was a major problem. Alternatively, the principal components may be acting as a proxy for the plethora of sociodemographic factors that characterize a population, such as total wealth and access to health-related resources. Further evidence for correlates of affluence exerting an effect to increase prostate cancer mortality comes from the univariate analysis of SESPC2 and SESPC3. These variables, which are related to access to medical services and affluence, respectively, were directly associated with prostate cancer mortality (r ‫ס‬ .51 and r ‫ס‬ .31, respectively).
The datasets from the FAO and WHO are a rich source of information, but they are not without limitations. Criticisms can be made that countries differ in how accurately they report mortality data, although none of the countries included in these analyses reported having more than 15% of mortality due to senility and ill-defined causes. In addition, although the food disappearance data measure total food that is produced and imported, minus food that is exported, fed to animals, or unavailable for human use, they do not account completely for food wastage, selective avoidance of foods, or food fed to domestic animals and pets. Therefore, the data apply to populations; they cannot be interpreted as having a cause-effect relationship, and they should not be used to make dietary guidelines for individuals. Nevertheless, each method for determining the dietary intake of individuals or groups has its unique limitations; e.g., we
are not convinced that the food-frequency questionnaires used in many prostate cancer studies were able to better describe the food intakes of their samples (20, 57) .
In this study, we have used prostate cancer mortality rather than prostate cancer incidence because of the availability and the quality of the data. Clearly, these two measures are not the same because mortality is a combination of incidence, stage and age at diagnosis, and survival. Although incidence rates of prostate cancer have increased sharply in recent years among some of the more developed countries (due in part to the implementation of widespread prostate-specific antigen screening), mortality rates for this cancer have not changed appreciably (58) (59) (60) . Apparently, this phenomenon is a result of the identification of earlier stage, more slowly growing neoplasms and the generally indolent nature of the disease. Moreover, the lack of a decrease in mortality rates may be due to a lag in the effect of screening (61) .
Analysis of ecologic data can present a problem with the misinterpretation of results analyzed at the group level as indicative of relationships on the individual level (i.e., the ecologic fallacy) (62) . Aggregating data by country can obscure interesting relationships within a country, and it limits control of potential confounders and effect modifiers. In our analyses, we have attempted to account for factors related to SES and level of development by examining and controlling for the effects of the principal component factors (poverty, access to medical facilities, and affluence) in our multivariable models, while acknowledging that control in this manner cannot completely remove these biases (40) .
In our analyses, we have used age-standardized and truncated mortality rates to reduce the impact of reporting errors. However, there is potential for bias when regressing age-adjusted rates on crude measures of exposure (63) . The extent of this bias in our study should be small because the within-country variation in dietary intake is generally much smaller than the between-country variation in dietary intake, suggesting that crude estimates and age-adjusted estimates of aggregate measures of diet would be relatively similar. Other kinds of studies would be needed to relate specific, individual exposures to prostate cancer-related outcomes. In Table 3 , we have presented Pearson correlation coefficients to facilitate comparisons of our results with those from previous studies. However, caution must be used in the interpretation of these results because the associations may be overestimated as a result of the effects of aggregation bias (64) . Prostate cancer is considered to be a disease of the affluent because the incidence is greater in developed nations. For example, Armstrong and Doll (9) showed that the GNP was strongly and positively correlated with prostate cancer. Among wealthy nations, the effects of occupation, environment, and lack of physical activity should not be ignored (65, 66) . However, even with consideration of these factors, estimates of dietary intake consistently have been shown to be associated with prostate cancer incidence and mortality. Western diets typically are rich in total energy, animal fat, and meat but low in vegetables, soy products, and other nuts and oilseeds. On the basis of the results of this study and other studies, it appears that the Western diet may contribute to risk for prostate cancer mortality.
